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Abstract  Sugarcane bagasse (SCB) is abundantly available agro-waste world-wide and has been used in different 
applications and its utilization as a source of cellulose attracting attention in the area of biomedical and other 
applications. The present study investigates the surface morphology, topography, structural, elemental and thermal 
properties of cellulose nanocrystals (CNCs) extracted by acid-hydrolysis from sugarcane bagasse as agro-waste. 
Morphological (field emission scanning electron microscopy (FE-SEM), atomic force microscopy (AFM), 
transmission electron microscopy (TEM)), structural (fourier transformed infrared (FTIR) spectroscopy, X-ray 
diffraction (XRD)), elemental analysis (energy dispersive x-ray diffraction (EDX)) and thermal characterization 
(TG-DTG-DTA) of CNCs was carried out. Morphological characterization clearly showed the formation of rod-
shaped CNCs having size in the range of 250-480 nm (length) and 20-60 nm (diameter). Elemental analysis (EDX) 
showed 0.72 wt% sulfur impurity in CNCs along with other main components. X-ray diffraction and thermal 
analysis revealed that CNCs have higher crystallinity (72.5%) than that of chemically purified cellulose (CPC) 
(63.5%) but have lower thermal stability. These lab extracted CNCs supposed to have a high potential as nano-
reinforcement into bionanocomposite for biomedical and other value-added products in industrial applications. 
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1. Introduction 
Cellulose-based Nanomaterials a sustainable and 

renewable material (however living sources from which 
they are extracted are sustainable and renewable, not the 
natural fibres or nanoparticles [1] have been of increasing 
interest as potential nano-reinforcing filler into 
biocomposites for industrial and biomedical applications. 
They have low density, high aspect ratio, good mechanical 
properties, low thermal expansion, low toxicity, surfaces 
having hydroxyl groups (-OH) that can be readily 
chemically functionalized [2-9]. These nanomaterials have 
been extensively studied for a wide variety of potential 
applications such as nanofillers for polymer 
nanocomposites, protective coatings, barrier/separation 
membranes and filtration systems, scaffolds for tissue 
engineering, transparent films, antimicrobial films, 
pharmaceuticals, drug delivery, organic solar cells, 
supercapacitors, substrates for flexible electronics, and 
lithium-ion batteries etc. [6,10]. 

Two general classes of cellulose nanomaterials (CNs) 
that can be extracted from different resources such as 
plant, animal, or mineral plants are cellulose nanocrystals 
(CNCs) and cellulose nanofibrils (CNFs). Cellulose 
nanocrystals can be referred as cellulose nanowhiskers 
(CNW) or nanocrystalline cellulose (NCC) [11,12] while 

cellulose nanofibrils can be referred as nanofibrillated 
cellulose (NFC), or microfibrillated cellulose (MFC) 
depending on their size and extraction method [13]. CNCs 
are needle-like cellulose particles having at least one 
dimension equal or less than 100 nm with highly 
crystalline nature. 

However, in recent times, plants based cellulose has 
been extensively exploited for the production of this nano-
crystalline material [14]. Cellulose is a natural hydrophilic 
polymer composed of β-1,4-linked anhydro-D-glucose 
units and having hydroxyl (-OH) groups that enable 
cellulose to establish strong hydrogen bonds. Major 
sources of cellulose are wood, cotton, hemp, flax, sisal, 
sugarcane bagasse, corncob, cassava bagasse, banana 
rachis, soy hulls, mengkuang leaves (Pandanus tectorius), 
Phormium tenax leaf fibres, rice husk and jute etc. [11,15-
23]. Other major components are hemicelluloses, and 
lignin into natural fibres. Lignin is like as cementing-
matrix for cellulose and hemicellulose having linkages of 
two types: (1) Ester-type bond which is sensitive to alkali 
solutions. (2) Ether-type bond which is insensitive to 
alkali solutions. Cellulose is a semi-crystalline polymer 
while hemicellulose and lignin are amorphous polymers 
[19,24]. Plant cellulose comprises of a hierarchical 
composite structure of nano-scale networked fibrils. This 
semi-crystalline composite structure has amorphous and 

 



2 Journal of Materials Physics and Chemistry  

crystalline regions in varying proportions depending on 
the plant species. For this reason, the characteristics of 
nano-cellulosic materials, particularly chemical 
compositions and dimensions, depend largely on 
particular plants, their origin, and extraction methods 
[16,25,26]. Various extraction processes have been used 
for the production of CNCs but acid-hydrolysis (H2SO4) is 
the most well-known, efficient, and widely used extraction 
method. Under controlled conditions, this process allows 
to break and removal of disordered and amorphous 
regions of cellulosic fibres, releasing single and well 
defined crystals in the form of CNCs [5,27]. It has been 
observed that the performance of CNCs as a nano-
reinforcing agent influenced with the variation of 
morphology and properties of these nanoparticles which 
depend mainly on original source of cellulose and 
extraction methods [6,16,28]. Therefore, extensive 
characterization of CNCs from different sources is very 
crucial for the development of bionanocomposites. 

Although the production of CNCs has been investigated 
extensively in the papers from a variety of natural fibres 
sources in detail, the use of sugarcane bagasse (as agro-
waste available in large quantities world-wide) as a natural 
fibres source for the production of CNCs has not been 
widely exploited yet for reinforcing agent in 
bionanocomposites. In previous studies, few approaches 
have been reported for the extraction of CNCs from 
sugarcane bagasse as agro-waste, such as high pressure 
homogenization [29], acid-hydrolysis [30,31,32,33], 
alkaline hydrolysis followed by acid-hydrolysis [34] but it 
requires extensive study in extraction and characterization 
of CNCs from this waste materials and utilization for 
value-added products. 

The objective of this present work was to extract CNCs 
from sugarcane bagasse by acid hydrolysis (H2SO4) 
having high crystallinity index, supposed to have good 

thermal stability, and surface morphology (shape and size) 
suitable for use as reinforcing agent in the fabrication of 
bionanocomposites for different applications. The CNCs 
obtained were characterized for surface topography and 
morphology by FE-SEM, AFM, and TEM, chemical and 
physical and elemental characterization by FTIR 
spectroscopy, XRD, EDX and thermal properties by 
thermogravimetric analysis (TG, DTG, and DTA). Image 
analysis of the extracted product was also done using 
ImageJ software to investigate the length and diameter of 
the CNCs. 

2. Materials and Methods 

2.1. Materials 
Sugarcane bagasse (agro-waste) was provided by a 

local sugar factory (Uttar Pradesh, India). After drying in 
sunlight, it was ground and sieved under 30 mesh sieves. 
Bagasse was dried in oven at 105°C for 3 h and stored at 
room temperature in air tight polybag. Benzene, methanol, 
sodium chlorite, acetic acid, sodium hydroxide, potassium 
hydroxide, sulfuric acid, cellulose dialysis membrane 
(tubes) were of analytical grade. Distilled water (DW) was 
used throughout the experiments. 

2.2. Methods 

2.2.1. Isolation of Chemically Purified Cellulose 
Chemically purified cellulose (CPC) from sugarcane 

bagasse (SCB) was isolated according to the previously 
reported methods [35,36,37] as referred elsewhere [19] 
and shown in Figure 1 (a). Finally the, product was dried 
in air-circulated oven at 105°C for 6 h followed by storage 
in air tight polybags. 

 

Figure 1. Schematic representation of chemical treatments: (a) Isolation of chemically purified cellulose (CPC) from sugarcane bagasse; (b) Extraction 
of cellulose nanocrystals (CNCs) from chemically purified cellulose (CPC) 
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2.2.2. Extraction of Cellulose Nanocrystals 
Produced CPC was then used to extract CNCs by acid-

hydrolysis as described in literature [25,38]. In brief, the 
hydrolysis was performed with H2SO4 solution (64% 
(w/w), 1:10 g/ml (cellulose: dilute H2SO4)) at 45°C for 60 
min under vigorous and constant mechanical stirring. The 
hydrolysis reaction was quenched by adding excess (10-
fold) chilled distilled water followed by successive 
centrifugation at 10,000-12,000 rpm for 15 min to remove 
acidic solution. Then sediment was collected, re-
suspended in distilled water and dialyzed against distilled 
water until neutrality (pH 6-7). After this dialysis process, 
the sample was again centrifuged followed by sonication 
for 10 min in an ice bath to avoid overheating. Aqueous 
suspension thus produced was stored in refrigerator at 4°C 
for further use. The schematic presentation of whole 
process is shown in Figure 1 (b). 

2.3. Characterization Methods 

2.3.1. Field Emission Scanning Electron Microscopy 
(FE-SEM) 

The surface morphology of cellulosic fibres and CNCs 
was examined using field emission scanning electron 
microscopy (FE-SEM) (FEI Quanta 200 F, Netherland) 
microscope with an accelerating voltage of 15–20 kV. 
Images showing surface morphologies of the cellulose 
fibres and nanocrystals were taken at various 
magnifications. Before examination, a fine layer of gold 
was sprayed on samples by an ion sputter coater with a 
low deposition rate. Energy dispersive x-ray (EDX) 
diffraction attached with FE-SEM unit was used for 
elemental analysis of CNCs. 

2.3.2. Atomic Force Microscopy (AFM) 
The topography and morphology of the CNCs were 

imaged using an AFM (NT-MDT NTEGRA-Multimode 
Scanning Probe Microscope (SPM)). Prior to imaging, a 
droplet of the aqueous suspension was initially dried on a 
glass-slide and the scans were obtained in semi-contact 
mode in the air. 

2.3.3. Transmission Electron Microscopy (TEM) 
Transmission electron microscopy (TEM) (TECNAI G2 

20 S-TWIN) was used to determine the morphology and 
dimensions of the CNCs obtained from the SCB cellulose 
fibres. A drop of a dilute aqueous suspension (0.1 wt%) 
was deposited on the surface of a copper grid coated with 
a thin carbon film. The sample was dried before TEM 
analysis which was carried out with an accelerating 
voltage of 100-120 kV. 

2.3.4. Fourier Transform Infra-red (FTIR) 
Spectroscopy 

 FTIR is a fascinating technique to evaluate structural 
variations on samples due to the chemical treatments. The 
structural changes from SCB to CNCs were investigated 
by FTIR spectroscopy using a Nexus Thermo FTIR 
(ThermoNicolet, USA) spectrophotometer. The samples 
were oven dried at 105°C for 4-5 h, mixed with KBr in a 
ratio of 1:200 (w/w) and pressed under vacuum to form 
pellets. The FTIR spectrum of the samples was recorded 
in the transmittance mode in the range of 4000-500 cm-1. 

2.3.5. X-ray Diffraction (XRD) 
The structural (physical) analysis of the samples was 

evaluated by X-ray diffraction (XRD) using a (Bruker 
AXS D8 Advance) diffractometer with a scanning rate of 
5°C per min with Cu Kα radiation source (λ = 1.54060 Å) 
operating at 40 kV and 30 mA. The XRD patterns were 
obtained over the angular range 2θ = 5–60o. The Scherrer 
equation was used to calculate the crystal size t (nm) of 
cellulose I structure in respect of (200) plane: 

 ( )
1/2 cos

Crystal Size t λ
β θ

Κ
=  

Where K is the correction factor and usually taken to be 
0.91, λ is the radiation wavelength, θ is the diffraction 
angle, and β1/2 is the corrected angular width (in radians) at 
half maximum intensity. 

2.3.6. Thermal Analysis 
TG (thermogravimetry), DTG (derivative 

thermogravimetry) and DTA (differential thermal analysis) 
were carried out simultaneously by using EXSTAR 
TG/DTA 6300 thermogravimetric analyzer. The resolution 
of this instrument is 0.02μg as a function of temperature. 
Runs were carried out at heating rates 10°C min−1 from 
ambient temperature to 900°C (however 600°C shown in 
figures) under high purity nitrogen at a flow rate of 200ml 
min−1.Thermal analysis techniques such as 
thermogravimetry (TG), derivative thermogravimetry 
(DTG) and differential thermal analysis (DTA) were 
widely used to measure the thermal stability and pyrolysis 
behavior of polymers in different conditions. 

2.3.7. Image Analysis 
The dimensions of the CNCs from three different 

images (50 nanocrystals) were measured by using ImageJ 
software (ImageJ 1.46, National Institute of Health (NIH), 
USA) by image analysis. 

3. Results and Discussion 
Figure 2 shows that the FE-SEM micrographs of the as 

received ground (30 mess screen) SCB fibres having 
surface layers of a high percentage of extractives (waxes, 
pectin, oil etc.) Figure 2a, the de-lignified SCB with 
cleaner surface which confirms removal of lignin with 
some other extractives after de-lignification with acidified 
sodium chlorite Figure 2b and the CPC fibrils after the 
removal of hemicellulose with other residual extractives 
due to alkali treatment Figure 2c [19] and finally the CNCs 
extracted by acid-hydrolysis of the CPC fibres (as shown 
in Figure 3a). 

Here, diameter and size of fibrils of purified cellulose 
was reduced to great extent due to removal of all 
amorphous region of semi-crystalline cellulose leaving 
nano-scale rod-like crystals. Figure 2c clearly shows the 
presence of fibres which are not seen in Figure 2a and 2b. 

Figure 3(b) and 3(c) show the TEM and AFM 
micrographs of a very dilute suspension of CNCs showing 
agglomerated ‘rod-like’ nanocrystals. The diameter of 
nanocrystals has wide range of distribution but the size of 
most of the ‘rod-like’ nanocrystals lies within the range 
250-480 nm in length and 20-60 nm in diameter. Their 

 



4 Journal of Materials Physics and Chemistry  

compact agglomeration of CNCs shows that cellulose 
chains have an intermolecular hydrogen bonding and a 

strong hydrophilic interaction in between the cellulosic 
chains. 

 

Figure 2. FE-SEM images of (a) sugarcane bagasse as raw-material; (b) de-lignified sugarcane bagasse; (c) chemically purified cellulose fibres 

 

Figure 3. Morphology and topography of cellulose nanocrystals: (a) field emission-scanning electron micrograph (FE-SEM, 500 nm scale); (b) 
transmission electron microscopy image (TEM, 500 nm); (c) Atomic Force Microscopy (AFM, 2 µm scale) 

Energy dispersive x-ray diffraction (EDX) attached 
with FE-SEM was used for elemental analysis of CNCs. 
The EDX spectrum (as shown in Figure 4) showed the 
peaks for carbon, oxygen and sulfur corresponding to their 
binding energies, respectively. CNCs contain 0.72 wt% 
elemental impurity of sulfur along with the main 
components such as carbon (43.13%) and oxygen (56.12%) 
as shown in Table 1. This elemental impurity is due to the 
acid (H2SO4) hydrolysis of cellulose fibres and remaining 
after dialysis of CNCs having sulfate groups to some 
extent. 

 
Figure 4. Energy-dispersive x-ray diffraction (EDX) spectrum of 
cellulose nanocrystals 

Table 1. Elemental compositions of cellulose nanocrystals obtained 
by EDX 

Element Weight (%) Atomic (%) 
C K 43.17 50.45 
O K 56.12 49.24 
S K 0.72 0.31 

Total 100.00  
Direct information about changes in chemical 

functionality can be obtained by FTIR spectroscopy which 
has been extensively used for structural analysis of the 
material before and after chemical treatments. FTIR 
spectra of SCB as raw material, CPC and the CNCs 
obtained by acid-hydrolysis are shown in Figure 5. 

The spectral bands at 3175-3490 cm-1 (O-H stretching 
intramolecular hydrogen bonds for cellulose I), 2850-2970 
cm-1 (C-H stretching), 1730 cm-1 (C-O stretching vibration 
for the acetyl and ester linkages in lignin, hemicellulose, 
pectin etc.), 1620-1649, 1512, and 1595 cm-1 (associated 
with the aromatic ring present in lignin and absorbed 
water), 1250 cm−1 (C–O out of plane stretching due to the 
aryl group in lignin), which are associated with the SCB 
before the chemical treatments. After chemical treatment 
with acidified sodium chlorite and alkali treatment, these 
bands are not observed in the FTIR spectrum of CPC. The 
effect of this chemical purification can be observed 
through main spectral bands which must be emphasized at 
1512 and 1250 cm−1. The band at 1512 cm−1 is absent and 
the band at 1250 cm−1 is reduced drastically in the FTIR 
spectrum of CPC [19,39,40,41,42]. 
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Figure 5. FTIR spectra of (a) sugarcane bagasse as raw material; (b) 
chemically purified cellulose; and (c) cellulose nanocrystals 

However, FTIR spectra of CNCs having sharp bands 
but similar to that observed in CPC. The spectral band 
observed in the spectra of CPC and CNCs in the region 
1649–1634 cm−1 are due to the O–H bending due to 
adsorbed water [40], 1430-1420 cm-1 is due to CH2 
scissoring motion in cellulose), 1382-1375 cm-1 (C-H 
bending), 1336 (O-H in plane bending) 1317 cm-1 (CH2 
wagging), 1054 cm−1 (C–O–C pyranose ring stretching 
vibration), 902-893 cm−1 (associated with the cellulosic β-
glycosidic linkages), ∼1155 cm−1 (C–C ring stretching 
band ) , and at 1105 cm−1 (the C–O–C glycosidic ether 
band ) [30,42,43,44]. The spectral bands observed at 1427 
cm-1 and 897 cm-1 shows significant cellulose I content. In 
case of CNCs, spectral band at 1375 cm-1 was very strong 
while spectral band at 1335, 1315 cm-1 overlap and 
diffused and other spectral band 1278-1285 cm-1 is weak 
and diffused. On comparing these spectral data which 
revealed that CNCs are composed of crystalline cellulose I 
while content of amorphous cellulose is negligible. 

These FTIR spectral peaks can be applied to analysis of 
crystallinity of the samples consisting cellulose I or 
Cellulose II or mixture of both components, and 
amorphous cellulose [45]. According to ref. [46] 850-1500 
cm-1 region is sensitive to crystal structure of the 
cellulosic material. Spectral bands at 1420-1430 cm-1 and 
893-897 cm-1 are very important to elucidate to the crystal 
structure of cellulosic material and its (1420/893 cm-1) 
spectral ratio and (1375/2900 cm-1) spectral ratio show 
index of crystallinity [46] or lateral order index (LOI) [47] 
and total crystallinity index (TCI) [43,44], respectively. In 
cellulosic samples, the spectral ratio (1430/897 cm-1) gives 
the evidence of containing cellulose I fraction [48]. 

Higher value of the given index (LOI, TCI) reveals that 
the given material contains a highly crystalline and an 
ordered structure [49]. For these index values, the 
(1430/897 cm-1) spectral ratio is low in case of CPC as 
compared to SCB due to chemical treatments which 
possibly disturbed the order of the structure to some extent 
and in case of CNCs increased to higher value due to 
removal of amorphous cellulose while the (1375/2900 cm-

1) spectral ratio increased from SCB to CPC to CNCs 
(very high values in case of CNCs). 

The XRD diffraction pattern of SCB as raw material, 
CPC, and CNCs are shown in Figure 6. 

 
Figure 6. X-ray diffractograms of (a) sugarcane bagasse as raw material; 
(b) chemically purified cellulose; (c) cellulose nanocrystals produced by 
acid-hydrolysis from chemically purified cellulose 

These samples exhibited a peak around 2θ = 16.5o and 
22.5o and 34.6o which are supposed to represent the 
typical cellulose-I structure. The cellulose crystals exhibit 
characteristic assignments of 110, 200, and 004 planes, 
respectively [19,37,50]. The crystallinity index of the 
samples was calculated according to amorphous subtraction 
method [51]. The crystallinity index of the SCB was 
calculated as 35.6% and increased in case of CPC to 
63.5% (due to removal of lignin and hemicelluloses as 
amorphous part) [19], and 72.5% in case of CNCs in which 
remaining amorphous part was removed during acid-
hydrolysis. These results of crystallinity degree from XRD 
analysis follow the similar trend as results calculated by 
crystallinity analysis from FTIR spectra. Crystallite size of 
CPC fibres and CNCs was calculated 4.2 nm and 3.5 nm, 
respectively (as shown in Table 2). 

Table 2. FTIR and XRD analysis parameters for Calculated Lateral Order Index (LOI), total crystallinity index (TCI), crystallinity percentage 
and crystal size 

Sample Lateral Order Index (LOI) 
(1430/897 cm-1) 

Total Crystallinity Index (TCI) 
(1375/2900 cm-1) 

Crystallinity 
(%) 

Crystal Size 
(nm) in respect 

to the (200) 
planes 

Sugarcane Bagasse 
(SCB) 0.4990 ± 0.0132 0.3552 ± 0.0210 35.6 -- 

Chemically Purified 
Cellulose (CPC) 0.3630 ± 0.0270 0.4683 ± 0.0133 63.5 4.2 

Cellulose Nanocrystals 
(CNCs) 0.5744 ± 0.0023 1.3231 ± 0.0152 72.5 3.5 

The study of thermal properties (TG-DTG-DTA) of 
materials is a dynamic phenomenological approach to 
investigate the response to a change in temperature. TG 
curves show only changes in weight during heating and its 

derivative shows changes in the TG slope which may not 
be obvious from the curve of TG. The DTA curves show 
the difference in temperature as exothermic or 
endothermic reactions in a sample. Figure 7 (a and b) and 
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Figure 8 demonstrate the investigation of thermal 
properties of SCB as raw material, CPC, and CNCs 
extracted by acid-hydrolysis. 

 
Figure 7. Thermal analysis of sugarcane bagasse, chemically purified 
cellulose, and Cellulose nanocrystals (A) TG curve; (B) DTG curve 

As can be seen, the initial mass losses starting at ∼25°C 
for both SCB and CPC and at 32°C for CNCs (due to high 
solvation capacity with water molecule) showing 
evaporation of loose surface bound moisture (H2O). The 
intermolecularly H-bonded water is evaporated at near 
about 120°C for all three samples. The degradation of 
SCB starts forward at 270°C and the rate of degradation 
reaches its peak at 363 °C (observed by DTG curve) while 
that of CPC occurs at 288°C and the rate of degradation 
becomes maximum at 360°C (observed by DTG curve). 
The degradation of CNCs occurs afterward at 236°C, 
showing additional small shoulder and rate of degradation 
is reached at 300°C (also observed by DTG curve). 

 
Figure 8. DTA curves of sugarcane bagasse, chemically purified 
cellulose, and Cellulose nanocrystals 

Low degradation temperature of SCB than that of CPC 
is due to the presence of lignin, hemicelluloses and other 
non-cellulosic segment which decompose at low 
temperature. Generally, cellulose thermal degradation 
involves dehydration, depolymerisation and 
decomposition of glycosyl-units and then formation of a 
charred residue. In case of CNCs, thermal degradation 
occurs at a lower temperature within broader ranges of 
temperature showing lower thermal stability due to their 
nano-sizes, greater number of free ends in the chain of 
CNCs, and may show drastic reduction in the molecular 
weight and degradation of highly sulfated amorphous 
regions [30]. In TG curve, acid-hydrolyzed CNCs showed 
mainly two humps or shoulder in close proximity where 
lower degradation temperature may correspond to highly 
sulfated amorphous regions and higher degradation 
temperature correspond to unsulfated part of the material 
[52]. DTG curve shows degradation of CNCs in three 
process of pyrolysis (two well separated pyrolysis process 
[53] mainly at 220-270°C, 270-330°C, and 330-470°C, 
respectively [54] and maximum temperature peak (DTG 
curve) occurred at a much lower temperature than the 
degradation temperature (around 400°C) of native 
cellulose [55]. Here, remnant sulfate groups are 
responsible for the reduced thermal-stability of the 
nanocrystals [52] because the elimination of H2SO4 in 
sulfated anhydro-glucose units require less energy [56], 
therefore, sulfuric acid molecules were released at much 
lower temperatures during the degradation process. 

The char formation of CNCs is the highest in these 
three materials where char formation of SCB (13.51%) is 
higher than that of CPC (5.81%). Actually, bagasse 
contains high amount of cellulose-I (having parallel 
orientation) other than low-temperature degrading 
materials (such as lignin, hemicellulose etc.) while CPC 
contains high amount of crystalline cellulose-I and 
amorphous cellulose and in case of CNCs, content of 
cellulose I is higher while amorphous cellulose 
hydrolyzed. Larger amount of char formation of CNCs 
(17.36%) may be because of three basic reasons: (1) Due 
to nano-size and greater number of the free ends of the 
chains of CNCs which decompose at a lower temperature; 
(2) H2SO4 (a dehydrating agent) which facilitate the 
depolymerisation or decomposition of cellulose by 
removing some of the -OH groups either by direct 
catalysis or mechanism of esterification [57,58] and 
presence of H+ ion (around pH 5.5-6) promote increased 
formation of char residue because of removal of oxygen in 
the form of H2O which prevent weight losses; (3) highly 
crystalline nature (cellulose crystal) of CNCs increase the 
proportion of carbon, therefore formation of char residue 
increased as carbon content increases [50,58]. 

DTA traces of SCB, CPC, and CNCs show two distinct 
endothermic changes (as shown in Figure 8) depending on 
the composition of the material. First endotherm occurs at 
much lower than 100°C due to the loss of moisture 
evaporation (as described in TG thermograms). Second 
endotherm is an indication of the process of fusion or 
melting of crystallites showing nature of decomposition. 
The course of evaporation depends mainly on variation in 
holding capacity of moisture by the sorptive forces due to 
constituents. In case of bagasse, there is variation in 
holding capacity due to lignin, hemicellulose, and other 
non-cellulosic materials showing loss of moisture in a 
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wider range of temperature while purified cellulose 
involved in relatively uniform sorptive forces causing loss 
of moisture within a narrow temperature range. In case of 
CNCs, sulfuric acid behaves as a dehydrating agent and 
sulfated groups reduce the affinity towards moisture 
absorption. Therefore, small quantity of moisture absorbed 
on surface of CNCs and at much lower temperature it 
evaporated off from surface. The fusion or melting 
process of SCB occurs over a wider range of temperature 
because of different constituents which have their own 
characteristic melting regions produced [30]. After 
removal of lignin, hemicellulose and other non-cellulosic 
materials, chemical treatment, CPC is of more compact 
crystals structure which gives higher onset temperature of 
crystal melting with narrow endotherm width in turn (255-
295°C). In case of acid-hydrolyzed CNCs, all amorphous 
regions were dissolved and only nano-scale cellulose 
crystals having sulfated hydroxyl (-OH) groups and gives 
higher onset temperature of crystal melting with wider 
endotherm width in turn (220-380°C). 

4. Conclusions 
Sugarcane bagasse (SCB) can be utilized as source of 

cellulose for producing CNCs. The preparation of CNCs 
was done in two steps of chemical treatments by chemical 
purification and acid-hydrolysis. The chemical 
purification process through acidic sodium chlorite and 
alkali treatment gives the white coloured chemically 
purified cellulose which was further acid-hydrolyzed to 
extract CNCs. The morphology and topography of the 
nanocrystals were characterized by FE-SEM, TEM and 
AFM. FE-SEM and AFM studies which showed 
supporting evidence with TEM analysis for CNCs of 
nano-scale range. The CNCs were with average size of 
‘rod-like’ nanocrystals ranging from 250-480 nm for 
length and 20-60 nm for diameter. Elemental analysis 
(EDX) showed 0.72 wt% sulfur impurity in CNCs 
alongwith other main components. The structural changes 
were measured by FTIR and XRD, and thermal analysis 
was measured by TG-DTG-DTA which revealed that 
CNCs showed lower thermal stability and higher 
crystallinity (72.5%) as compared to native cellulose 
(63.5%). This investigation shows that this chemical 
approach may be promisingly very efficient process for 
the preparation of CNCs from SCB. 
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